Objectives-To measure the exposure of a group of farmers to organophosphate pesticide in sheep dip, and to record the incidence of symptoms after exposure. 
Sheep are prone to infestation with a variety of skin parasites which can kill the animal or reduce sale value. In the United Kingdom, most farmers dip (totally immerse) all or a portion of their sheep in insecticide twice a year to control ectoparasites. This is strenuous and dirty work and it is difficult to avoid skin contamination. Users are advised to wear impervious clothing for protection. ' The toxicity of sheep dip could be related to the concentration and toxicity of the insecticide, the formulants, and antibacterial agents like phenol and epichlorhydrin. Since this study, phenol has been withdrawn from most sheep dips.
At the time of the study, sheep dips contained one of three organophosphate compounds: diazinon or propetamphos (both classed as moderately toxic), or chlorfenvinphos (highly toxic).2 Diazinon and propetamphos are inactive thion compoundsactivation occurs in vivo, by conversion to oxon compounds in the liver. Organophosphates have two main toxic effects, cholinesterase inhibition at neuronal synapses and organophosphate induced delayed peripheral neuropathy. In the laboratory used in this study differences between successive estimations that are considered to be significant are plasma cholinesterase 15% and erythrocyte cholinesterase 10%." These figures represent a combination of variation within the subjects and analytical imprecision.
The relation between symptoms and falls in cholinesterase is variable. The HSE recommends that a fall of 30% or more in plasma cholinesterase requires a medical examination; and consideration of withdrawal from work.'0 For the sake of simplicity, the figure of 30% is applied to changes in both plasma and erythrocyte cholinesterase.'
The relation between symptoms and changes in cholinesterase concentrations can be further confounded by the development of tolerance. Workers regularly exposed to organophosphates may have large falls in plasma cholinesterase without symptoms. The single dipping contractor in the study was exposed to dip continuously between May and September 1992-that is, before the start of the study. His baseline cholinesterase concentrations (and symptoms) were recorded 90 days after the end of dipping.
Contamination of blood samples by residual pesticide on the skin is a potential problem." Before blood sampling the skin was cleaned with Medi-Swabs H (these contain 70% isopropyl alcohol v/v and 05% chlorhexidine acetate BP). Three millilitres of blood for cholinesterase estimation was collected in Vacutainer tubes containing 7-5% ethylene diamine tetra-acetic acid (EDTA). Subjects were instructed to void a single specimen of 177  164  179  2  308  367  352  190  193  196  3  247  250  240  160  160  155  4  322  324  374  187  200  201  5  295  270  313  144  172  159  6  314  316  310  170  171  163  7  408  407  376  173  209  173  8  269  291  290  138  141  136  9  252  264  273  160  169  162  10  232  221  237  148  158  148   11   188  189  180  190  176  205  12  265  257  295   168  198   193  13  278  250  297  164  183  165  14  311  283  322  160  166  172  15  375  381  348  167  189  175  16  345  316  366  161  188  164  17  207  219  195   176  167  172  18  251  261  288  131  190  193  19  296  255  298  187  209  185  20  341  310  319  167  186  173  21  314  290  277  202  203  191  22  361  356  345  174  165  168  23  362  345  342  170  125  158  24  344  338  190  153 Third  sample  exposure  dip and  dip and  sample  dip and  sample  before  and second  second  second  and lab  third  and lab  exposure  sample  sample  sample  analysis  sample table 2 ). The symptoms listed either occurred for the first time after dipping, or became worse after dipping; and could not be attributed to another obvious cause. Chronic symptoms, and symptoms which occurred in the month before the initial questionnaire were discounted from the analysis. Table 3 lists the time intervals between exposure to sheep dip, blood sampling, and sample analysis: all of which can confound biological monitoring. Separate analysis found no relation between symptoms and age, tobacco smoking, alcohol consumption, complaints of an overpowering smell, or attribution by the subject of symptoms to sheep dip. The cholinergic symptoms of subjects 8, 11, and 20 could be related to medication or preexisting medical conditions. Subject 24 had a marginal reticulocytosis when baseline erythrocyte cholinesterase activity was measured. This may have raised the baseline enzyme activity (it lies in the upper range of values), giving a spurious fall after dipping. Table 4 shows that urinary excretion of dialkylphosphate metabolites was an inconsistent measure of individual exposure to organophosphate pesticide. Analysis also did not show a relation between the concentration of urinary metabolites and the date of dipping, the quantity of organophosphate used, the number of sheep dipped, working practices, and reported contamination.
Each farmer dipped a mean (range) of 913 (70-3400) sheep over a period of several days. All used "short swim" rectangular dipping pits. Fourteen used propetamphos dips and 10 used diazinon dips (one used both).
Most reported contamination of skin or Cumulative toxicity and tolerance are probably not important for most sheep farmers, because of their intermittent exposure. However, it may be important for dipping contractors.
After the blood sample has been collected a variety of processes can affect the cholinesterase-organophosphate complex in vitro, and confound measurement.5 However, diazinon and propetamphos form stable complexes with cholinesterase and there is little or no spontaneous enzyme reactivation.23 Diazinon and propetamphos are both inactive sulphon compounds, and further in vitro cholinesterase phosphorylation is unlikely. The HSE recommends that blood should be analysed within 24-48 hours of being taken.
The plasma cholinesterase estimation in subject 24 was confounded by the delay in sampling. For the rest of the blood cholinesterase measurements, careful consideration indicates that they would have allowed detection of significant falls in cholinesterase concentrations.251224 As expected, plasma cholinesterase measurements showed a wider variation than erythrocyte cholinesterase. 5 The plasma cholinesterase concentrations all lie above the lower limit of normal for a healthy population-I62 daU/1. '5 Thirteen samples showed an increase of 10% or more for erytbrocyte cholinesterase: and three samples, an increase of 15% or more for plasma cholinesterase. These significant increases were unexpected, and may reflect a large confounding error at some point between blood sampling and laboratory analysis. For example, subject 18's low initial erythrocyte cholinesterase concentration is clearly a spurious result. Subject 4 developed a raised (x2-globulin before his final cholinesterase estimation. This fraction includes plasma cholinesterase and may have contributed to the 16% increase in plasma enzyme. 20 The compounds DEP and DETP were found in the urine of farmers who did not handle diazinon-the origin of these metabolites could not be established. Neither could the origin of the DMP and DMTP be identified. Considering the group as a whole, urinary metabolites were a sensitive but non-specific measure of exposure. These results echo the findings of other workers.25 Skin absorption prolongs urinary excretion of metabolites, and reliable sampling may require several days.'6 26 27 Farmers complained of difficulty wearing the personal protective equipment recommended for dipping, but this should not prevent the use of adequate protection when diluting the dip concentrate for use.
Significant exposure from dipped sheep or contaminated soil and ground water is unlikely, because organophosphates rapidly degrade in cold wet conditions. However, any sulphotetraethylpyrophosphate contaminating the technical product may be more persistent in the environment.' 28 Chemical byproducts and emulsion separation on storage can increase the toxicity of pesticides. 529 32. Manufacturers stabilise formulations to prevent this.5 However, most subjects in this study stored sheep dip for considerable periods of time-increasing the risk of toxicity.
Conclusions
This limited study has not provided evidence of acute organophosphate toxicity in sheep dippers, despite inadequate handling procedures. Falls in erythrocyte cholinesterase concentrations in two subjects may have been associated with under diluting dip concentrate for use. Farmers find difficulty with the personal protective equipment recommended for sheep dipping.
